Therapeutic significance of NR2B-containing NMDA receptors and mGluR5 metabotropic glutamate receptors in mediating the synaptotoxic effects of β-amyloid oligomers on long-term potentiation (LTP) in murine hippocampal slices.
Soluble amyloid beta (Aβ) oligomers are widely accepted to be neurotoxic and lead to the memory loss and neuronal death observed in Alzheimer's disease (AD). Ample evidence suggests that impairment in glutamatergic signalling is associated with AD pathology. In particular, Aβ(1-42) is thought to affect N-methyl-d-aspartate (NMDA) receptor function and abolish the induction of long-term potentiation (LTP), which is regarded to be a phenomenon relevant to memory formation. The involvement of glutamatergic signalling in the pathology of AD is underscored by the therapeutic success of memantine, an uncompetitive NMDA receptor antagonist, used to treat patients with moderate to severe AD. In this study we show that Aβ(1-42) oligomers applied to acute murine hippocampal slices prevented, in a concentration-dependent manner, the development of CA1-LTP after tetanic stimulation of the Schaffer collaterals with a half maximal inhibitory concentration of around 2 nM (before oligomerization). The highest concentration of Aβ(1-42) oligomers (50 nM before oligomerization) completely blocked LTP (105 ± 1% potentiation versus 141 ± 3% in control) whereas scrambled Aβ(1-42) (50 nM) was without effect (144 ± 10% potentiation). Pre-incubation with memantine (1 μM) restored LTP in the presence of Aβ(1-42) (50 nM; 135 ± 5% potentiation). NMDA receptors containing the NR2B subunit have been proposed to play a particularly important role in excitotoxicity, functioning as extracellular "death receptors". The metabotropic glutamate receptor 5 (mGluR5) is mechanistically coupled to postsynaptic NMDA receptors. As such, allosteric sites on both receptors offer alternative means to modulate NMDA receptor function. We therefore tested low concentrations (each 300 nM) of allosteric antagonists of NR2B (Ro 25-6981, [R-(R∗,S∗)]-α-(4-Hydroxyphenyl)-β-methyl-4(phenylmethyl)-1-piperidine propanol hydrochloride) and mGluR5 receptors (MPEP, 2-methyl-6-(phenylethynyl)-pyridine). Both compounds restored LTP in the presence of Aβ(1-42) oligomers (50 nM, fEPSPs were potentiated to 129 ± 13% and 133 ± 7% respectively). Finally, we demonstrated that slices from mice heterozygous for NR2B receptor) in the forebrain are not susceptible to the toxic effects of Aβ(1-42) oligomers but express normal LTP (138 ± 6%). These experiments demonstrate that glutamate receptor antagonists delivered at concentrations which still allow physiological activities in vitro, are able to prevent Aβ(1-42) oligomer-induced synaptic toxicity and further support the glutamatergic system as a target for the development of improved symptomatic/neuroprotective treatments for AD.